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Summary: A procedure is described for the isola-
tion of secretory vesicles from bovine neurohypo-
physes by differential centrifugation followed by 
density gradient centrifugation on iso-osmolal 
gradients of Percoll/sucrose. Only negligible con-
tamination of the secretory vesicle fraction with 
markers for mitochondria, microsomes and plasma 
membranes could be detected. The amount of 
Ca2®-ATPase in the isolated neurohypophysial 
secretory vesicles was of the same low order of 
magnitude as that of (Na e,K®)-ATPase. Thin-
section electronmicrographs confirmed the high 
purity of the isolated secretory vesicle fractions. 
In freeze-fracture electronmicrographs, vesicle 
fusion was demonstrated after incubation with 
Ca2®. As shown in dodecyl sulfate-gel electro-
phoresis and subsequent autoradiography secre-
tory vesicles exhibited an endogenous phosphory-
lation activity. The secretory vesicles contained 
an average of 23.1 jug vasopressin/mg of protein. 
On incubation in media differing in ionic strength, 
pH and Ca2® concentration the vesicles were 
stable for at least 1 h. 
Isolierung und Charakterisierung sekretorischer Vesikeln aus Neurohypophysen des Rindes 
Zusammenfassung: Es wird eine Methode zur Iso-
lierung von sekretorischen Vesikeln aus der 
Neurohypophyse des Rindes mittels Differential-
zentrifugation und Zentrifugation in iso-osmola-
len Gradienten von Percoll/Saccharose beschrie-
ben. Die Aktivität von Markerenzymen für Mito-
chondrien, Mikrosomen und Zellmembranen in 
der isolierten Fraktion sekretorischer Vesikeln 
war vernachlässigbar klein. Die Aktivität der Ca 2 5 
ATPase war in der Fraktion isolierter Vesikeln 
in derselben niedrigen Größenordnung wie die 
(Na 2 ®,K®)-ATPase. Im elektronmikroskopischen 
Enzymes: 
Acid phosphatase, orthophosphoric-monoester phosphohydrolase (acid opt imum) (EC 3.1.3.2); 
Adenosinetriphosphatase (= ATPase), ATP phosphohydrolase (EC 3.6.1.3); 
Glutamate dehydrogenase (NAD(P)®), L-glutamate: NAD(P)® oxidoreductase (deaminating) (EC 1.4.1.3); 
Lactate dehydrogenase, L-lactate:NAD® oxidoreductase (EC 1.1.1.27); 
N A D H dehydrogenase, N A D H : (acceptor) oxidoreductase (EC 1.6.99.3), (also named cytochrome c reductase); 
5'-Nucleotidase, 5'-ribonucleotide phosphohydrolase (EC 3.1.3.5). 
Abbreviations: 
Tes = 2-{[2-Hydroxy-l , l-bis(hydroxymethyl)ethyl]amino}ethanesulfonic acid; 
TSE medium = lOmM Tes (pH 7.0), 190mM sucrose, 25mM EGT A ; 
Arg-Vasopressin = bovine vasopressin wi th arginine in position 8. 
0018- 4888/80/03 61 -1615 $02.00 
© Copyright by Walter de Gruyter & Co • Berlin • New York 
1616 M . Gratzl, C. Torp-Pedersen, D. Dartt , M. Treiman and N . A. Thorn Bd. 361 (1980) 
Dünnschnitt wurde die hohe Reinheit der isolier-
ten sekretorischen Vesikeln bestätigt. Im Gefrier-
bruch wurde Fusion sekretorischer Vesikeln nach 
Zugabe von Ca 2 0 gezeigt. Mit Hilfe der Dodecyl-
sulfat-Gelelektrophorese mit nachfolgender Auto-
radiographic wurde eine endogene Phosphorylie-
rungsaktivität der sekretorischen Vesikeln ent-
deckt. Die sekretorischen Vesikeln enthielten im 
Mittel 23.1 fig Vasopressin pro mg Protein. Sie 
waren bei der Inkubation in verschiedenen Me-
dien für mindestens 1 h stabil. 
Key words: Secretory vesicles, neurohypophysis, isolation, properties. 
In order to investigate the biochemical composi-
tion and the properties of secretory vesicles from 
the neurohypophysis, a preparation of high purity 
and reasonable stability is necessary. Concerning 
the purity of the preparation, it is particularly 
difficult to separate mitochondria from secretory 
vesicles because the difference in sedimentation 
of these organelles in sucrose gradients is only 
minora1'. Furthermore, the use of sucrose gradi-
ents in previous w o r k s l 1 - 5 ! included the exposure 
of secretory vesicles to hypertonic media; this 
could have caused the observed instability of 
such vesicles^6'7!. 
In the present work we have avoided changes in 
osmolality throughout the isolation procedure 
by using iso-osmolal gradients throughout the 
centrifugation. In contrast to earlier studies, we 
have controlled the pH and maintained the con-
centration of divalent cations low in all isolation 
media. In this way attachment of secretory vesi-
cles to other subcellular membranes during sub-
fractionation was minimized and phenomena 
such as membrane fusion, which are catalyzed 
by divalent cations^ can be subsequently in-
vestigated. Exposure to low temperature has been 
shown to induce neurohypophysial secretion by 
exocytosis^ 6 ' 8 - 1 2! and therefore as a precaution, 
the tissue was kept at room temperature until 
after homogenization. 
The isolation procedure described in the present 
study takes approximately 2 h and yields a frac-
tion of purified secretory vesicles with a very 
small contamination by mitochondria or by mem-
branes originating from endoplasmic reticulum 
and plasma membranes. Such secretory vesicles 
were reasonably stable in media of different 
composition. 
Material and Methods 
Biological material 
Bovine pituitary glands were obtained at the Copen-
hagen Public Slaughterhouse shortly after death o f the 
animals and transported to the laboratory in approxi-
mately 15 min. They were kept at approx. 20 °C after 
their removal from the animal unt i l after homogeniza-
t ion. Neural lobes were dissected, and two (each weigh-
ing approximately 150 mg) were placed in 2 ml lOmM 
Tes buffer (pH 7.0) containing 190mM sucrose and 
25mM EGTA (TSE-medium). The osmolality of the 
TSE medium was about 290m-osmol/kg. 
Homogenization and differential centrifugation 
The neural lobes were cut into small pieces using scissors 
and another 2 ml o f TSE medium added. Homogeniza-
t ion was performed by 3 upward and downward strokes 
in a Teflon-to-glass homogenizer (radial clearance 
0.10 mm) which was rotating at 1000 rpm, using a 
0.25 HP speed-controlled motor w i t h an integral tacho-
generator (Technicon, Lit t lehampton, Sussex, England). 
The homogenate was placed on ice and TSE medium 
was added to a total volume o f 10 ml. After mixing, 
the homogenate was centrifuged at 750 x g a v for 
15 min at 4 °C in a Coolspin refrigerated centrifuge 
from MSE Scientific Instruments, Sussex. The pellet 
was homogenized in 5 m/TSE. The supernatant 
( S j ) was diluted w i th TSE medium to 12.5 ml and 
centrifuged in cellulose nitrate tubes (15.9 x 76 mm) 
at 28000 x £ a v for 15 min using a T I 50 rotor in a 
Beckman preparative ultracentrifuge. 
The pellet (P2) was suspended in 1 ml TSE and homo-
genized by hand using a small loose-fitting Teflon-to-
glass homogenizer. 
The supernatant (S2) was diluted w i t h TSE medium to 
12.5 ml and centrifuged at 170000 x g a v for 60 min. 
In this way we obtained a clear supernatant (S3) and a 
small pellet (P3) which was suspended in 1 ml o f TSE 
medium. Al iquot portions o f all fractions were kept for 
analysis. A flow sheet o f the differential centrifugation 
o f neurohypophysial homogenates is given in Fig. 1. 
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Homogenate o f two neural lobes 
in 10 m/ TSE medium 
Centrifuge 750 x # a v , 15 min 
Resuspend sediment Make up to 12.5 ml w i th TSE medium: 
in 5 ml TSE medium: Fraction Sj 
Fraction Pj Centrifuge 28000 x gav, 15 min 
Resuspend sediment Make up to 12.5 ml w i th 
in 1 ml TSE medium: TSE medium: Fraction S2 
Fraction P 2 Centrifuge 170000 x #av> 60 min 
Resuspend sediment Supernatant: 
in 1 ml TSE medium: Fraction S3 
Fraction P3 
Fig. 1. Flow sheet o f the differential centrifugation o f neurohypophysial homogenates. 
Density'-gradiertt centrifugation 
50 ml P e r c o l l ™ (density 1.13 g/m/) (obtained from 
Pharmacia, Uppsala, Sweden) was dialyzed overnight 
against 1 / TSE medium and the dialyzing fluid was 
changed the next morning. Approximately 3 h later 
the volume o f the Percoll was measured and made up 
to 50 ml w i t h TSE medium and the pH was adjusted 
to 7.0. The osmolality was 291 ± 6.5 m-osmol/kg (mean 
± SD of 9 measurements). Fraction P 2 was mixed wi th 
25 ml of dialyzed Percoll diluted 1 : 1 w i th TSE medi-
um. The mixture was put into two 12.5-m/ nitrocellulose 
tubes (about 8 mg protein per tube) and centrifuged at 
60000 x # a v for 30 min at 4 °C using a Beckman T I 50 
rotor wi th the brake on. After centrifugation the tubes 
were punctured in the base wi th a needle (outer dia-
meter 1 mm). The needle was withdrawn and fractions 
o f 5 drops each were collected. In this way about 30 
fractions (average volume approx. 0.4 ml) were ob-
tained from one tube. Gradients wi thout biological 
material were used for characterization o f the density 
profile and for blank values in the marker analyses. 
For the former purpose the refractive index o f the 
fractions was measured. 
In some experiments fractions 5 to 9 from two gradients 
and fractions 10 to 27 from one gradient were pooled, 
each diluted to 12.5 ml TSE and centrifuged at 
170000 x # a v for 30 min. In this way the subcellular 
fractions were concentrated as a band above a cushion 
o f Percoll (originating from the gradient material in the 
fractions) and were removed by means o f a syringe. The 
material originating from fractions 5 to 9 was re-suspen-
ded in 1 ml o f TSE (SV), and that from fractions 10 to 
24 o f the gradient was re-suspended in 5 ml TSE (R). 
Stability of isolated secretory vesicles 
To investigate the stability o f secretory vesicles, fraction 
SV was diluted ten-fold in media o f reduced or increased 
osmolality (by omission or addition o f sucrose), in 
media o f different pH (pH 6.0 or 6.5 buffered wi th 
4-morpholinethane sulfonic acid, pH 7.5 and 8.0 w i th 
Tes) or "high salt" medium (124mM KCl, 5mM NaCl, 
5mM M g C l 2 , 20mM Tes pH 7.0). When Ca 2 ® was present 
the concentration o f free C a 2 ® ions (0.1 mM) was ad-
justed w i th EGTA. After incubation at 0° or 37 °C sam-
ples were taken to assay total Arg-vasopressin; after 
centrifugation for 10 min in a Beckman microfuge, 
samples from the supernatant were taken for determi-
nation o f the Arg-vasopressin released. Alternatively 
released Arg-vasopressin was determined after f i l t rat ion 
through a Millipore filter (pore size: 0.22 /um). I t was 
checked that no loss o f total Arg-vasopressin occurred 
during the incubation period. 
Analytical procedures 
Protein was estimated either by the Biuret m e t h o d ^ 1 3 ! 
or by the method o f Lowry et a l J 1 4 1 modified as de-
scribed l.cJ 1 5 J. Crystalline bovine serum albumin was 
used as standard. 
ATP-was assayed by the firefly luciferase method in 
neutralized perchloric acid supernatants as described by 
Hedeskov and Cap i t a 1 6 l 
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Radioimmunoassay of arginine-vasopressin 
Prior to assay, samples were diluted at least 10-fold in 
0.25% acetic acid in 0.9% NaCl and boiled for 5 min in 
a water bath. They were stable for several months at 
The radioimmunoassay was performed as de-
scribed by Gratzl et a l J 6 l w i th some m o d i f i c a t i o n s ' 1 8 ' . 
I t was routinely checked that sample di lut ion curves 
were parallel to the standard curve. 
Assay for neurophysins 
A n antibody against neurophysins was raised by im-
munization o f rabbits' 1 9 J wi th secretory vesicles pre-
pared as described by Dean and Hope' 115 (£ . Bock, 
C. Torp-Pedersen and M . Treiman, unpublished results) 
and used for estimation o f neurophysins by fused rock-
et Immunoelectrophoresis ' 2 0 ' . The agarose gel em-
ployed was 1.5 mm high and consisted o f 1% agarose in 
38%mM Tris pH 8.0 lOOmM glycine and 0 . 1 % Tri ton 
X-100. Samples were diluted 5-fold in 0 . 1 % Tr i ton 
X-100 prior to electrophoresis for 20 h at 2 V/cm. The 
identity o f observed precipitates wi th vasopressin-bind-
ing neurophysins was checked by crossed-line Immuno-
electrophoresis ' 2 1 1 The neurophysin used as standard 
and in crossed-line Immunoelectrophoresis was prepared 
by affinity chromatography using [8-lysine Vasopressin 
bound through its e-amino group to the agarose sup-
p o r t l " ) . 
Enzyme analysis 
Glutamate dehydrogenase, an enzyme marker for the 
mitochondrial matrix, was determined as described by 
S c h m i d t ' 2 3 ] in the presence o f 0 . 1 % Tr i ton X - 1 0 0 ' 2 4 l , 
I m M leucine and I m M ADP. 
Rotenone-insensitive NADH dehydrogenase, an enzyme 
marker for microsomes, was determined as described by 
Takesue and O m u r a ' 2 5 l 
Mg2®, Na®, K®-dependent, ouabain-sensitiveATPase, a 
marker for plasma membranes, was assayed by deter-
mining the difference between the activities in the ab-
sence and presence o f I m M ouabain as described by 
Torp-Pedersen et alJ 1 8 1 in a medium containing 20mM 
Tes pH 7.4, 2mM M g C l 2 , lOOmM NaCl, lOmM KCl and 
I m M (7- 3 2 PJATP (specific radioactivity 5 juCi/jumol). 
3 2 P released from i 7 - 3 2 P ] A T P was extracted as the 
molybdate complex by the method o f Wahler and Wol-
lenberger ' 2 6 ! as described by Hansen et a l . ' 2 7 J . After 
extraction 3 2 P activity was counted by Cerenkov scintil-
lation in ethanol. 
Ca2®-dependent A TPase was assayed in the same way 
as the previous ATPase, but NaCl, KCl and M g C l 2 were 
replaced by 2mM C a C l 2 ' 2 8 J . Assays performed without 
addition o f metal ions or in the presence o f I m M EDTA 
showed no detectable enzyme activity. 
5'-Nucleotidase was measured w i t h [ 3 H ] A M P as a sub-
strate, and [ 3Hladenosine was determined after thin-
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layer ch roma tog raphy ' 1 8 1 As a marker for lysosomes we 
assayed acid phosphatase, using ^-glycerophosphate as 
a subs t ra te ' 2 4 ' and measuring the inorganic phosphate 
released according to Lowry and L o p e z ' 2 9 ] . 
Lactate dehydrogenase was measured in the presence of 
0 . 1 % Tr i ton X-100 by following the oxidation o f N A D H 
at 340 n m ' 3 ° ] . 
The activity of glutamate dehydrogenase, lactate dehy-
drogenase and N A D H dehydrogenase is given as jumol 
N A D H oxidized per min per ml (= U/m/) , that o f 
(Na®, K®)-ATPase, Ca 2 ®-ATPase, and 5'-nucleotidase as 
Mmol product formed per min per ml (= U/m/) . 
Poly aery lamide-gel electrophoresis, in the presence o f 
dodecyl sulfate was run w i t h a Polyacrylamide gradient 
(7 .5-17.5%) in the separating gel as previously de-
s c r i b e d ' 3 1 ] . Phosphorylation was performed as described 
r e c e n t l y ' 3 2 ] . After electrophoresis, the proteins were 
stained w i t h Coomassie Blue and the phosphorylation 
pattern was visualized by autoradiography and densito-
metric recording (as described i n ' 3 2 ] ) . 
For electron microscopy, fractions were fixed w i t h a 
solution o f 2% glutaraldehyde to which Tes pH 7.0 was 
added to give an osmolality o f 290 m-osmol/kg and 
prepared for conventional thin-sectioning or for freeze-
fracturing as described in previous reports' 3 3 > 3 4 1 . 
Results 
Distribution of markers in fractions from 
differential centrifugation 
A flow sheet of the differential centrifugation is 
given in Fig. 1. The neurohypophysial homogena-
te contained about 40% of unbroken tissue, be-
cause the 750 x g a v pellet (P^ contains roughly 
the same percentage of protein as well as vaso-
pressin, glutamate dehydrogenase, acid phos-
phatase and NADH-cytochrome c oxidoreduc-
tase (Table 1). Consequently, the relative specific 
activity found for these markers in Pj is close to 
1 (Table 2). The high relative specific activity of 
(Na®, K0)-ATPase in Px (Table 2) and the en-
hanced recovery of this enzyme after the first 
centrifugation (Table 1) may be due to limited 
access of substrate (the assays did not contain 
detergents) in the homogenate as well as in frac-
tion P t . In addition to inaccessibility, an increase 
of enzyme activity during solubilization (see en-
zyme content in the final supernatant S 3 described 
later) probably accounts for the fact that the re-
covery of NADH dehydrogenase after the first 
centrifugation is also greater than 100% (Table 1). 
Activation of NADH dehydrogenase, in conjunc-
tion with solubilization from microsomal mem-
branes, has been described by Takesue and 
Omura' 2 5!. 
In pellet P2 40—50% of the vasopressin, glutamate 
dehydrogenase, NADH dehydrogenase, (Na®, 
K®)-ATPase and acid phosphatase were reco-
vered and a little more than 20% of the protein 
present in the homogenate. This results in an in-
crease of the relative specific activities of these 
markers to about 2 in P 2 (compare Table 1 and 
Table 2). 
Table 2. Relative specific activities o f markers in fractions separated by differential centrifugation. 
Values are means ± standard deviation. 
Marker No. o f Relative specific activity o f fractions* 
expts. 
P i S i s2 
Vasopressin 14 0.92 ± 0.16 1.05 ± 0.30 2.02 ± 0.50 0.32 ± 0.11 
Glutamate 
dehydrogenase 
5 1.35 ± 0.42 1.06 ± 0.14 1.99 ± 0.36 0.07 ± 0.06 
Acid 
phosphatase 
1 1.03 0.77 2.06 0.13 
N A D H 
dehydrogenase 
4 1.25 ± 0.15 1.37 ± 0.30 2.20 ± 0.45 0.98 ± 0.22 
(Na®, K®)-
ATPase 
6 1.82 ± 0.45 0.84 ± 0.09 1.82 ± 0.21 0.70 ± 0.24 
* Relative specific activity is the ratio o f the percent o f marker to the percent o f protein in a given fraction. 
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Fig. 2. Distribution of markers in the density gradient o f Pellet P 2 . 
Protein is given as mg per m/, vasopressin and neurophysins as jug per ml, enzyme activities as U or m U , respectively/ 
m/, and ATP as nmol per ml. 
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Half of the vasopressin present in the superna-
tant S2 could be sedimented by an additional 
centrifugation (170000 x # a v for 1 h). The pel-
let obtained (P 3) also contained 16% of the 
NADH dehydrogenase but 9% of this enzyme 
remained in the final supernatant S 3. 
Distribution of markers in fractions from the 
density gradient 
The density gradient was designed to separate the 
vasopressin-containing material recovered in P 2 
from other structures. Three bands (A, B, C) were 
visible in the continuous gradient. The upper two 
brownish bands (B and C) are incompletely se-
parated as shown in the protein profile in Fig. 2. 
Band A, which centered around Fraction 7 
(density 1.128 g/m/) contained the highest 
amount of vasopressin and neurophysins (Fig. 2). 
The profile for these two substances character-
izing neurohypophysial secretory vesicles was not 
distributed symmetrically in the gradient but 
exhibited a "hump" in fractions of lower density. 
Band B which centered around Fraction 13 was 
enriched with respect to the mitochondrial gluta-
mate dehydrogenase, whereas Band C contained 
lactate dehydrogenase as well as markers for mi-
crosomal membranes (NADH dehydrogenase) 
and plasma membranes (Na®, K®)-ATPase). Since 
the latter band was also rich in marker substances 
for neurosecretory vesicles the material consists 
in part of neurosecretosomes (nerve endings) 
which were also observed in thin-section electron-
micrographs. ATP was found predominantly in 
the fractions of Bands B and C. (Na®, K®)-ATPase, 
a marker for plasma membranes as well as Ca2®-
ATPase differed in distribution to that observed 
with 5'-nucleotidase. The latter formed a distinct 
peak in Band A, the fraction containing neuro-
secretory vesicles. The profile found for 5'-nucleo-
tidase resembled that for acid phosphatase, the 
marker enzyme used to detect lysosomes. 
Characterization of secretory vesicles 
From the density gradient, Fractions 5 to 9 (Band 
A, consisting of secretory vesicles (SV) and the 
remainder (R) of the gradient (Fracts. 10 to 27, 
Bands B plus C) were pooled. After removal of 
most of the gradient material by centrifugation 
(see Material and Methods) markers were esti-
mated in Fractions SV and R (Table 3). 
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Table 3. Distr ibution o f markers in fractions separated by density gradient centrifugation o f Pellet ?2-
Marker No. o f Values in % o f homogenate Relative specific activity 
expts. SV R SV R 
Protein 8 3.0 ± 0.6 16.5 ± 7 . 3 (87.4) 
Vasopressin 8 7.4 ± 1.3 19.5 ± 7 . 2 (59.6) 2.65 ± 0.91 1.34 ± 0.52 
Glutamate 
dehydrogenase 
8 0.4 ± 0.2 40.6 ± 5.4 (89.5) 0.17 ± 0.09 2.80 ± 0.60 
Acid 
phosphatase 6 2.6 ± 0.8 28.9 ± 6 . 0 (65.5) 1.18 ± 0.60 2.13 ± 0.90 
N A D H 
dehydrogenase 8 0.6 ± 0.2 28.9 ± 8 . 4 (72.1) 0.23 ± 0.10 2.00 ± 0.65 
( N a e , K 0 ) -
ATPase 5 0.3 ± 0.2 38.4 ± 5.4 (94.6) 0.15 ± 0.05 1.70 ± 0.25 
Ca 2 0 -ATPase 5 0.3 ± 0.2 27.3 ± 8.3 0.09 ± 0.06 1.47 ± 0.50 
Percentage o f marker in fractions and relative specific activities are given wi th respect to homogenate. Values are 
means ± standard deviation. Fraction SV (secretory vesicles) = combined Fractions 5 to 9 from density gradient; 
Fraction R = combined Fractions 10 to 27. The recovery o f the density gradient centrifugation is given in paren-
thesis. 
3 % of the protein present in the homogenate was 
found in Fraction SV, 16.5% in Fraction R. 
7.4% of the vasopressin was recovered in the 
secretory vesicle fraction. 23.1 ±4.1 /ig vasopres-
sin/mg protein (calculated from Tables 1 and 3) 
were found in the secretory vesicle fraction. 
T. , purification of Pellet P2 on the discontinu-
ous density gradient (Table 3) considerably low-
ered the activity in Fraction SV of the mito-
chondrial enzyme glutamate dehydrogenase, 
the microsomal enzyme NADH dehydrogenase 
as well as (Na 0 , K0)-ATPase and Ca20-ATPase. 
The hydrolytic activity against ß-glycerophos-
phate (usually considered to be a marker for 
lysosomes) exhibits the same relative specific 
activity in the secretory vesicle fraction as in the 
homogenate. This will be discussed later in con-
junction with the "hump" formed by the 5'-
nucleotidase in Band A. 
Secretory vesicles in dodecyl sulfate Polyacryla-
mide gel electrophoresis exhibit a simple pattern 
of bands (Fig. 3). There is a set of about ten di-
stinct bands with molecular weights between 
50000 and 90000. Between these bands and the 
neurohypophysins, which stain heavily at the 
front, there is a series of weakly stained bands, 
followed by 3 more prominent bands, starting 
at approximately Mt 33000. Phosphorylation 
in the presence of 5JUM C A M P and in the ab-
sence of Ca 2 0 yielded about 10 radioactive 
bands (Fig. 3), three of which (A, B, C, marked 
with arrows) seem to be identical to those being 
phosphorylated under the same conditions in 
lysed neurosecretosomes'31'32!. As in earlier 
studies' 3 1 , 3 2! no attempt was made at this stage 
to establish a correspondence between the Coo-
massie-stained bands resolved after gel electro-
phoresis in one dimension and the phosphory-
lated bands. 
After incubation of neurohypophysial secretory 
vesicles in the isolation medium (TSE) for 60 min, 
about 60% of the vasopressin was still located to 
the vesicles (Fig. 5). In media of different pH but 
the same osmolality (290 m-osmol/kg) the secre-
tory vesicles remained equally stable between pH 
6.0 and 8.0 (Fig. 4). The percent release of con-
tent was less at 0 °C than at 37 °C (see Figs. 4—6). 
In a "high salt" medium the release observed 
after 60 min incubation was similar in magnitude 
to that in iso-osmolal sucrose media (compare 
Figs. 4 and 5). As also observed with sucrose 
media, a marked release of hormone occurred 
within the first minutes of incubation, followed 
by a moderate release up to 60 min (Fig. 5). The 
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Fig. 3. Distribution o f 
the 3 2 P 0 4 activity 
( top) and o f protein 
(bottom) in the secre-
tory vesicle fraction 
following dodecyl sul-
fate Polyacrylamide gel 
electrophoresis. 
Radioactive Bands A, 
B and C (marked w i t h 
arrows) correspond to 
the bands phosphory-
lated in lysed neuro-
secretosomes ' 3 2 l 
high initial release of hormone is probably due in 
part to the separation procedure of the vesicles 
from the incubation medium (centrifugation). 
When released vasopressin was determined after 
filtration (see Material and Methods) the initial 
release of hormone was less (not shown). Ab-
sence or presence of Ca2® (O.lmM free) in the 
"high salt" medium did not affect the release of 
vasopressin from the vesicles (not shown). 
In buffered sucrose media the stability of secre-
tory vesicles was greatly influenced by the os-
molality of the incubation media. Below 230 m-
osmol/kg a gradual release of vasopressin was 
observed which was complete at 130 m-osmol/kg 
(Fig. 6). Secretory vesicles also lost considerable 
amounts of their vasopressin when the osmolality 
of the medium was markedly increased (Fig. 6). 
Thin sections of the SV fractions (Fig. 7) revealed 
mostly neurosecretory vesicles with an electron 
dense core, with few contaminating mitochondria, 
microsomes or neurosecretosomes. By contrast 
the remainder of gradient (R) consisted of neuro-
secretory vesicles, mainly within neurosecretoso-
mes, mitochondria and microsomal vesicles. The 
morphological observations are consistent with 
the marker analyses in the gradient and the com-
bined Fractions SV and R (see above). Secretory 
vesicles in freeze-fracture electronmicrographs 
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Fig. 4. Stability of secretory vesicles in buffered sucrose 
medium at 0 °C (o) and 37 °C (•) at different pH. 
Vesicles were incubated for 60 min and separated from 
the medium by centrifugation. Ordinate: % vasopressin 
released from the vesicles. 
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Fig. 5. Stability o f secretory vesicles in a "high salt" 
medium at 0 °C (•) and 37 °C ( • ) . 
Vesicles were separated by centrifugation from the 
medium. Ordinate: % vasopressin released from the 
vesicles. 
were found to be dispersed in TSE medium. Upon 
increasing the concentration of free Ca2® to 
1 0 ~ 4 M vesicles became attached to each other and 
fused vesicles could be detected (Fig. 8). Secre-
tory vesicles isolated in isotonic Percoll/sucrose 
gradients as described here can be fused similarly 
to those isolated on sucrose gradients'6!. For 
interpretation of vesicle fusion in freeze-fracture 
electronmicrographs see Gratzl and Dahl ' 3 3 ! . 
Discussion 
The technique for the isolation of secretory 
vesicles from bovine neurohypophyses described 
here differs from others introduced earlier in 
its control of osmolality, pH and concentration 
of divalent cations. The fractions obtained by 
differential centrifugation are comparable to 
those obtained in studies by Dean and Hope'11. 
100-, 
S 50-
0- 1 
100 200 300 400 
Osmolality [m-osmol/kg] 
1200 1300 
Fig. 6. Stability of secretory vesicles in buffered 
sucrose medium of different osmolality at 0 °C 
(o) and 37 °C ( • ) . 
Vesicles were incubated for 60 min and separated 
from the medium by centrifugation. Ordinate: 
% vasopressin released from the vesicles. 
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Fig. 7. Electronmicrograph of a thin-sectioned pellet o f the secretory vesicle fraction (SV) recovered from the 
gradient. 
Magnification: 30000 x, scale: 1 juni. 
However, our homogenization was less complete 
and resulted in the appearance of twice the per-
centage of protein and enzyme markers in the 
"nuclear" pellet ? { . In our experiments we found 
the same percentage of vasopressin in this frac-
tion as markers for other subcellular structures, 
whereas the percentage of vasopressin in former 
studies'1! amounted to about 1/3 of that of 
protein. 
The second differential centrifugation yielded 
the mass of vasopressin released from the tissue 
by homogenization in particulate form. The pel-
let ? 2 , which was used for further purification on 
a density gradient, contained also most of the 
markers for mitochondria and lysosomes, as well 
as a considerable part of that for cell membranes 
and microsomes. In the supernatant roughly the 
same amounts of microsomal, cell membrane 
markers and protein are recovered as described 
earlier'1!, whereas the amount of vasopressin in 
this supernatant (corresponding to Fraction IV in 
ref.' 1! is much lower. This fact can be due to the 
milder homogenization in this study in compari-
son to the technique of Dean and Hope'1!. The 
smaller proportion of vasopressin in S 2 and the 
higher proportion of vasopressin in the "nuclear" 
fraction P t described above, might also be ex-
plained by a massive release of vasopressin on 
cooling as first described by Douglas and Ishida'8! 
from isolated rat neurohypophyses, and later by 
Russell and Thorn (unpublished work) from 
slices of ox neurohypophyses, and by Baker and 
Hope' 1 2 ! from isolated nerve endings. Thus, ap-
proximately 34% of the vasopressin was reco-
vered in the final supernatant as compared to 
approximately 6% when the tissue had not been 
cooled' 1 2!. Therefore, cooling was avoided in 
this study until after homogenization. 
The crucial step in the isolation of neurohypophy-
sial secretory vesicles is their purification in 
density gradients. Taking (Na®, K®)-ATPase as a 
marker for plasma membranes and NADH dehy-
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Fig. 8. Electronmicrograph o f a freeze-fractured suspension of the secretory vesicle fraction (SV) recovered from 
the gradient in a Tes-buffered sucrose medium containing EGTA. 
Top, magnification: 60000 x, scale: 0.5 /um. Bottom, fused vesicles formed during incubation w i th 1 0 _ 4 M C a 2 ® , 
magnification 60000 x, scale: 0.5 jum. 
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drogenase for microsomes it is obvious that these 
membranes of low density are easily separated 
from secretory vesicles in the iso-osmolal gradient 
described here. Although mitochondria show 
some overlapping with secretory vesicles, only 
0.4% of total glutamate dehydrogenase is re-
covered in the secretory vesicle fraction. By con-
trast in sucrose density gradients, neurosecreto-
somes, secretory vesicle hormones and mito-
chondrial activities were poorly separated when 
centrifugation was carried out for 1 h ' 1 ! . Pro-
longed centrifugation (5 h) resulted in better 
separation of secretory vesicles and mitochondria 
and the mitochondrial contamination by this 
procedure amounted to about the same percen-
tage as reported in the present publication'31. On 
the other hand, iso-osmolal metrizamide-sucrose 
gradients are not suitable for the separation of 
mitochondria from secretory vesicles because the 
relative specific activities of the mitochondrial 
enzyme measured in the two populations of sec-
retory vesicles recovered from the gradient are 
2.4 and 1.6, respectively (calculated from ref . ' 3 5 !) . 
In accordance with earlier studies'3! we found, for 
acid phosphatase, a bimodal distribution in the 
density gradient. At present it is not easy to ex-
plain this fact, but instead of being due to conta-
mination of secretory vesicles with lysosomes, 
the "hump" formed by the acid phosphatase in 
the secretory vesicle fractions of the gradient 
might also be explained by the splitting of ß-
glycerophosphate by 5'-nucleotidase'36l. 5'-
Nucleotidase in the liver is known to occur in 
Golgi-derived secretory-vesicle fractions, in cell 
membranes and in membranes originating from 
the endoplasmic ret iculum' 3 7 ' 3 8 ! . This might be 
the reason why this enzyme has a distribution in 
our gradients similar to that of the protein. 
The small shoulder exhibited by the ATP distri-
bution in the density gradient around Fraction 9, 
as shown in this report, can be interpreted as 
indicating the presence of some ATP in secretory 
vesicles. This suggestion is in accordance with 
earlier findings' 3 9!. Compared to other ATP pools 
in the neurohypophysis, the ATP content of sec-
retory vesicles seems to be rather small and it is 
orders of magnitude below that observed in sec-
retory vesicles from adrenal medulla' 4 0!. 
As opposed to earlier findings' 4 ' 3 9! it has been 
suggested that secretory vesicles from the neuro-
hypophysis do not possess ATPase activity' 2 8!. 
This is supported by the present investigation. 
The relative specific activity of Ca2®-ATPase as 
well as (Na®, K®)-ATPase is low in the secretory 
vesicle fraction recovered from the density gra-
dient and amounts to about the same low value 
as that of mitochondrial glutamate dehydrogen-
ase. 
The effects of different osmolalities, pH values 
and ionic media on the stability of secretory 
vesicles recovered from iso-osmolal density gradi-
ents were comparable to those found by Vilhardt 
and T^ndevold' 4 1! who used a fraction isolated 
by differential centrifugation. When secretory 
vesicles were isolated by the use of sucrose gradi-
ents'1! the fraction obtained was remarkably un-
stable'7!. This fact can easily be explained by the 
effect of sucrose on secretory vesicles prepared 
under iso-osmolal conditions (Fig. 6) at concen-
trations employed in previous purification 
methods'3!. 
One of the main advantages of the procedure de-
scribed here is that within a short period of time 
a highly purified secretory-vesicle fraction can be 
obtained from bovine neurohypophyses. The se-
cretory-vesicle fraction obtained is well characteri-
zed by means of several markers, thin-section 
electron microscopy and dodecyl sulfate gel 
electrophoresis. Several studies have recently 
focused on protein phosphorylation in nerve 
terminals and in neurotransmitter vesicles from 
brain as one of the possible mechanisms involved 
in mediating or modulating transmitter re-
lease ' 4 2 - 4 5 ! . The fact that purified secretory 
vesicles from neurohypophyses possessed an 
endogenous phosphorylation activity is of signi-
ficance for consideration of possible similar 
mechanisms in neurosecretory tissue. As found 
in freeze-fracture electronmicrographs the iso-
lated secretory vesicles can be fused by addition 
of low concentrations of Ca2® and are reason-
ably stable in media of different composition. 
Therefore the preparation of secretory vesicles 
appears useful for the study of basic events oc-
curring during exocytosis, such as membrane 
fusion and release of vesicular contents. 
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- Synthese von [A14-Phenylalanin]Schweine-Insulin, 
W. D a n h o , A . Sasaki, E . B ü l l e s b a c h , H . - G . 
Ga t t ne r u . A . W o l l m e r , 747 
- Synthese der Sequenz 1-23 der B-Kette des Human-
proinsulins, W. D a n h o u. J. F ö h l e s , 839 
- Synthese der Sequenz 24-45 des Humanproinsulins, 
J. F ö h l e s u . W. Danho , 849 
- Synthese der Sequenzen 1—45 und 46 -86 des Hu-
manproinsulins, W. Danho , V . K . N a i t h a n i , A . N . 
Sasaki, J. F ö h l e s , H . B e r n d t , E . E . B ü l l e s b a c h 
u. H . Z a h n , 857 
Fructose, Triacylglycerin-Synthese, G. W i r t h e n s o h n , 
D . G . Brocks u . W . G . Gude r , 985 
- Einbaumuster markierter Fructose, E. S c h e l l - D o m -
pert u . G . Sieber t , 1069 
Gänse, s. Anser indicus (Streifengans) 
Galactosamin, Induktor, P.V. V e n k o v u. H . C h e l i -
b o n o v a - L o r e r , 17 
Galactosamin-Hepatitis, Lipoproteine u. Apoprotein-
Muster, H . S i r o w e j , G . Assmann u . R. Ka t t e r -
mann , 1417 
Galactose, spezifische Lektine, H . K o l b , D . V o g t , 
L . H e r b e r t z , A . C o r f i e l d , R. Schauer u . 
J. S c h l e p p e r - S c h ä f e r , 1747 
Galactose-Gen, Induktor, P.V. V e n k o v u . H . C h e l i -
b o n o v a - L o r e r , 17 
Galactosereste, Erythrozyten-Lebensdauer, G . Pfann-
schmidt u . R. Schauer, 1683 
Galactose-Stoffwechselweg, Enzyme, P.V. V e n k o v u . 
H . C h e l i b o n o v a - L o r e r , .17 
a-D-Galactosidase ( E C 3.2.1.22), Erythrozytenmem-
bran, G . Pfannschmidt u . R. Schauer, 1683 
ß-D-Galactosidase ( E C 3.2.1.23), Erythrozytenmem-
bran, G . Pfannschmidt u . R. Schauer, 1683 
Ganglion cervicale superius, (der Katze), Tyrosin-3-Mo-
nooxygenase, H . S ta r l inger , 1457 
Ganglioside, Aggregatbildung, W. M r a z , G . Schwarz-
mann , J. Sa t t le r , T. M o m o i , B . Seemann u . 
H . W i e g a n d t , 177 
- Oligosaccharid-Mikronachweis, T. M o m o i u . 
H . W i e g a n d t , 1201 
- Aggregatbildung, W. M r a z , G . Schwarzmann . 
J. Sa t t le r , T . M o m o i , B . Seemann u . H . W i e -
gandt , 177 
Gaschromatographie, Acylneuraminsäuren, J.P. V l i e -
gen tha r t u . K . H o t t a , 1511 
Bd. 361 (1980) Stichwortregister 1871 
Gastrin, N-Terminus von Human-Big-Gastrin, 
M . C h o u d h u r y , G . W . K e n n e r , S. M o o r e , K . L . 
R a m a c h a n d r a n , W . D . T h o r p e , R. Ramage, G.J . 
D o c k r a y , R . A . G r e g o r y , L . H o o d u. M . H u n -
k a p i l l e r , 1719 
Gaucher-Milz, Niemann-Picksche Krankheit, H . C h r i -
s t o m a n o u , 1489 
Gelfiltration, Bestimmung des Stokesschen Radius, K . G . 
C h a n d y , R . A . S tock ley u . D . B u r n e t t , 
1855 
Gemischte Anhydride, (Peptidsynthese-Methode), Se-
misynthese eines Proinsulin-Derivates, E .E . B ü l l e s -
bach u . V . K . N a i t h a n i , 723 
Gene, Galactose-Gen, P.V. V e n k o v u. H . C h e l i -
b o n o v a - L o r e r , 17 
- Keimbahngene für Ant ikörper reg ionen , S.S. A l k a n , 
R. Knech t u . D . G . B r a u n , 191 
- T4-Gen-32-Protein, Y . - C . E . Pan, Y . N a k a s h i m a , 
F. S. Shar ie f u . S.S.-L. L i , 1139 
Genitaltrakt, (des Bullen), Akrosin-Inhibitoren, 
L . Vese lsky u . D . C e c h o v ä , 715 
Genom, Denaturierungs- und Reassoziationseigenschaf-
ten, M . Seshadri u . P .K . Ran jeka r , 1041 
Gewebskallikrein, s. Kall ikrein 
Gift, s. Bienengift, Schlangengift, Toxine 
Globulin, (Kälte-unlösl iches) , Makrophagen-Bindung, 
H . H ö r m a n n u. V . J e l i n i c , 379 
- (Kälte-unlösl iches) , Aff ini tä tschromatographie , 
H . H ö r m a n n u . M . Se id l , 1449 
Glomus caroticum, (der Katze), Tyrosin-3-Monooxyge-
nase, H . S ta r l inge r , 1457 
Glucocerebrosid-Abbau, Niemann-Picksche Krankheit, 
H . C h r i s t o m a n o u , 1489 
ß-Glucocerebrosidase, s. Glucosylceramidase 
Gluconeogenese, Glycolysekapazität , H . Schmid , 
A . M a l l , M . Scholz u . U . Schmid t , 819 
Glucose, s.a. 2-Amino-2-desoxyglucose 
- isoliert arbeitendes Herz des Meerschweinchens, 
R. B ü n g e r , S . G l a n e r t , 0 . Sommer u. E. Ger lach , 
907 
- Triacylglycerin-Synthese, G. W i r t h e n s o h n , D . G . 
Brocks u. W . G . G u d e r , 985 
Glucose-Oxidation, o G u a n i d i n o - F e t t s ä u r e n , 
G. W e i t z e l , A . - M . F r e t z d o r f f u. W. S tock , 41 
- Agmatin-Derivate, G. W e i t z e l , B . Pfe i f fer u . 
W . Stock, 51 
Glucosephosphat-Isomerase ( E C 5.3.1.9), aus Bäcker-
hefe, N . T a m a k i , B . Hess, T . I keda , K . K i m u r a 
u . T . H a m a , 61 
D-Glucosetransport, suspendierte menschliche Fibrobla-
sten, K. W e r d a n , K . L e n n e r , T . Cremer , 
A . F . G . Stevenson u. O . Messe rschmid t , 91 
Glucosylceramidase ( E C 3.2.1.45), Niemann-Picksche 
Krankheit, H . C h r i s t o m a n o u , 1489 
Glucuronierung, UDPGlucuronyltransferase, 
G. B r u n n e r u. C.J . H o l l o w a y , 1 
Glucuronsäure, s. U D P G l u c u r o n s ä u r e 
Glucuronyltransferase, s. UDPGlucuronyltransferase 
Glutamin, Wirkung auf Bakterienwachstum, A . L . Mar i e 
u . F. Parak, 603 
Glutaminase ( E C 3.5.1.2), pH-Wer t -Abhäng igke i t , 
D . H ä u s s i n g e r , T . P . M . A k e r b o o m u . H . Sies, 
.995 
Glutaminsäure s.a. y-Carboxyglutaminsäure 
- subzelluläre Verteilung, S. S o b o l l , R. Elbers , 
R. .Scholz , H . - W . H e i d t , M . M ü l l e r , C. N o e l l u . 
U . Schwabe, 69 
Glutamin-Stoffwechsel, pH-Wer t -Abhäng igke i t , 
D . H ä u s s i n g e r , T . P . M . A k e r b o o m u . H . Sies, 
995 
Glutarsäure, s. 2-Oxoglutarsäure 
Glutathion, Glutathion-Transferasen, P. Kraus , 9 
- Hungerbelastung, G. Ha r i s ch u . M . F . M a h m o u d , 
1859 
Glutathion-Transferasen ( E C 2.5.1.18), aus Mitochon-
drienmatrix, P. Kraus , 9 
Glyceridanaloga, Biosynthese, K. Oe t t e u. T.S. 
T s c h u n g , 1 1 7 9 
sn-Grycerin-3-phosphat-Zyklus, isoliert arbeitendes Herz 
des Meerschweinchens, R. B ü n g e r , S. G l a n e r t , O. 
Sommer u . E . G e r l a c h , 907 
Glyceroneogenese, Hepatozyten, G. W i r t h e n s o h n , 
D . G . B rocks u . W . G . Gude r , 985 
Glycerophospholipide, s.a. Bis(monoacylglycerin)phos-
phat 
- Chloroquin, A . H a r d e r , S. K o v a t c h e v u . H . De-
buch , 1847 
Glycolysekapazität, gesteigerte Gluconeogenese, 
H . S c h m i d , A . M a l l , M . Scholz u . U . Schmid t , 
819 
Glycopeptide, Ss-Blutgruppen-Antigendeterminanten, 
W. D a h r , W . G i e l e n , K . B e y r e u t h e r u . J. K r ü g e r , 
145 
- aus Glycoproteinen, F . M . Fouad u . D . W a l d r o n -
E d w a r d , 703 
Glycophorin B, s. Ss-Glycoprotein 
Glycpproteine, s.a. Asialo-Glycoproteine, Ss-Glycoprot-
ein 
- Ss-Blutgruppen-Antigendeterminanten, W. Dahr , 
W. G i e l e n , K. B e y r e u t h e r u . J. K r ü g e r , 145 
- (aus Vögeln) , Eigenschaften, G . H . Far ra r , G . U h -
l enb ruck u . D . K a r d u c k , 473 
- Magenschleimhaut von Mensch und Hund, F . M . 
Fouad u. D . W a l d r o n - E d w a r d , 703 
- (oti-saures), Mikroheterogeni tä t , E . G . Berger , 
S.R. Wyss, R . B . N i m b e r g u . K . Schmid , 1567 
- nicht-kollagenes, H . Rohde , H .P . B ä c h i n g e r u . 
R. T i m p l , 1651 
Glycosaminoglycane, s. Sulfatierte Glycosaminoglycane 
Glycosphingolipide, Oligosaccharid-Mikronachweis, 
T. M o m o i u . H . W i e g a n d t , 1201 
Glycosylierung, Lipoprotein-Synthese, H . S i r o w e j , 
G . Assmann u . R. K a t t e r m a n n , 1417 
Glyoxysomen, (aus Rizinus-Keimlingen), cytosolischer 
Vorstufenpool, H . K i n d l , W . K o l l e r u. J. F reve r t , 
465 
1872 Stichwortregister Bd. 361 (1980) 
- (aus Gurken), Acetyl-CoA-Acetyltransferase, 
J. F rever t u . H . K i n d l , 537 
- (aus Gurken), Malat-Synthase-Kompartimentierung 
u. -Prozessierung, W. K o l l e r u . H . K i n d l , 1437 
- (aus Gurken), Enzyme, J. F reve r t , W. K o l l e r u. 
H . K i n d l , 1557 
Gräser, s. Grammineae 
Grammineae, repetetive D N A in 3 Grammineen-Arten, 
V . G . Deshpande u. P .K . Ran jekar , 1223 
Granulopoese, Chalon, M . Kas tner u . H . R . M a u r e r , 
197 
Granulozyten, (des Rindes), Chalon, M . Kas tner u. 
H . R . M a u r e r , 197 
- Protease-Inhibitoren, M . S t a n c i k o v ä , D . C e c h o v ä 
u . K . T r n a v s k y , 1129 
to-Guanidino-Fettsäuren, hypoglycämische Effekte, 
G. W e i t z e l , A . - M . F r e t z d o r f f u . W. Stock, 41 
Guanosinphosphatmangel, Hepatomzellen, W . A . K a i -
ser, B . H e r r m a n n u . D . O . R . K e p p l e r , 1503 
Gurke, s. Cucumis sativus 
Häm, s. Cy toch rom-P-450 -Häm 
Hämatologische Erkrankungen, Desoxythymidin-5-tr i -
phosphatase, N . D a h l m a n n u . D . M ü l l e r , 1851 
Häminbausteine, Bakterienwachstum, A . L . M a r i e u . 
F , Parak, 603 
Hämocyanin, Vogelspinne, J. M a r k l , A . Savel , 
H . D e c k e r u . B . L i n z e n , 649 
- Vogelspinne, H . - J . Schneider , W. Schar tau , 
B . L i n z e n , F. L o t t s p e i c h u . A . Henschen , 1211 
- Vogelspinne, H . Decker, R. Schmid, J. Markl u. 
B. Linzen, 1707 
Hämoglobin, (monomeres), Chironomus thummi, thum-
mi, T. K l e i n s c h m i d t , H . v . d . M a r k - N e u w i r t h u . 
G . B r a u n i t z e r , 401 
- Goldfisch, G. B r a u n i t z e r u. K . R o d e w a l d , 587 
- neues embryonales, W. Steer u . G . B r a u n i t z e r , 
1165 
- des Karpfens, B. G r u j i c - I n j a c , G . B r a u n i t z e r u . 
A . S tangl , 1629 
Häm-Oxygenase (dezyklisierend) ( E C 1.14.99.3), Meer-
schweinchen, S. Walsch u . E . D e g k w i t z , 1243 
Hämtasche, Aminosäureres te in diesem Bereich, 
T. K l e i n s c h m i d t u . G . B r a u n i t z e r , 933 
Haptene, iodmarkierte, D . Berg u . E . Kuss, 1743 
Harn, (menschl.), Kall ikrein, R. Ge iger , U . Stuck-
stedte u . H . F r i t z , 1003 
- (von Ratte u. Maus), Trimethylammonium-Verbin-
dungen, H . Seim u. E . S t rack, 1059 
- (des Schweines), Kallikrein, F. F i ed l e r u . W . G e b -
ha rd , 1661 
Harnkallikrein, s. Kallikrein 
Harnstoff-Abgabe, Glutaminase-Reaktion, D . H ä u s -
singer , T . P . M . A k e r b o o m u . H . Sies, 995 
Hautfibroblasten, (des Menschen), Proteoglycan-Stoff-
wechsel, P.R. Sudhakaran , R. Pr inz , I . F i l i -
pov ic , K . v . F igura u . E . Buddecke , 129 
Hefe, s. Bäckerhefe , Saccharomyces cerevisiae 
Helix-destabilisierendes Protein, Wechselwirkung mit 
D N A , J. Szopa u . H . Jariska, 1235 
Hemmechanismus, Eglin aus Hirudo medicinalis, 
U . S e e m ü l l e r , M . E u l i t z , H . F r i t z u . A . S t r o b l , 
1841 
Hepatitis, s. Galactosamin-Hepatitis 
Hepatomzellen, (AS-30D-Ascites), Phalloidinwirkung, 
E. G r u n d m a n n , U . Wissemann u. C . B . Boschek, 
457 
- (AS-30D-Ascites), Guanosinphosphatmangel, 
W . A . Kaiser , B . H e r r m a n n u . D . O . R . Kepp le r , 
1503 
Hepatozyten, (der Ratte), Phalloidin-Effekt, E. G r u n d -
mann, U . Wissemann u. C . B . Boschek, 457 
- (der Ratte), Triacylglycerin-Synthese, G. W i r t h e n -
sohn, D . G . Brocks u. W . G . Gude r , 985 
- (der Ratte), Zellkultur, C A . B a r t h , B . W i l l e r s -
hausen, B . W a l t h e r u . E . E . Weis , 1017 
- (der Ratte), Asialo-Glycoprotein-Aufnahme, 
H . To l l e shaug u. T . Be rg , 1155 
- (der Ratte), Cytochrom-c-Oxidase-ähnl iche Proteine, 
E. H u n d t u . B . Kadenbach , 1547 
- (der Ratte), Galactose-spezifische Lektine, H . K o l b , 
D . V o g t , L . H e r b e r t z , A . C o r f i e l d , R. Schauer 
u. J. S c h l e p p e r - S c h ä f e r , 1747 
Heptafluorbuttersäure, Spaltung von Peptidbindungen, 
W.F . B r a n d t , A . Henschen u . C. v. H o l t , 
943 
Heptonsäure, s. Phospho-2-oxo-3-desoxyheptonat-Al-
dolase 
Herbizide, s. N-(Phosphonomethyl)glycin 
Herz, (isoliert arbeitendes des Meerschweinchens), Ma-
lat-Aspartat-Zyklus, R. B ü n g e r , S. G l a n e r t , 
O . Sommer , E . G e r l a c h , 907 
- (der Ratte), Organspezifität der Cytochrom-c-Oxida-
se, P. M e r l e u . B . Kadenbach , 1257 
Herzmuskel, (der Ratte), Hunger, G. Har i s ch u. 
M . F . M a h m o u d , 1859 
Hexachlorbenzol, experimentelle, chronische, hepatische 
Porphyrie, R. v. T i e p e r m a n n , G . Koss u . M . Doss, 
1217 
Hexokinase ( E C 2.7.1.1), fötale und adulte Isoenzyme, 
M . Gahr , 829 
High-performance-Cellulose-Dünnschichtchromatogra-
phie, Oligosaccharid-Mikronachweis, T . M o m o i u. 
H . W i e g a n d t , 1201 
Hirudo medicinalis, (Leberegel), Proteinase-Inhibitoren, 
U . S e e m ü l l e r , M . E u l i t z , H . F r i t z u . A . S t rob l , 
1841 
Hochauflösende Dünnschichtchromatographie, Phenyl-
thiohydantoin-Derivate von Aminosäuren , C . -Y. 
Y a n g , 1599 
Hochdruck-Flüssigkeitschromatographie, tryptisches 
Hydrolysat, H . K r a t z i n , C . - Y . Y a n g , J . U . Krusche 
u . N . H i l s c h m a n n , 1591 
- Phenylthiohydantoin-Derivate von Aminosäuren . 
F. L o t t s p e i c h , 1829 
Bd. 361 (1980) Stichwortregister 1873 
Homogentisat, hemmt Bakterienwachstum, G. Krauss , 
R. S ü ß m u t h u. F. L ingens , 801 
'H-NMR-Spektroskopie, s. Kernmagnetische Resonanz-
Spektroskopie ( ' H - N M R ) 
Huhn, ATP-Citrat-Lyase, G .E . H o f f m a n n , 
P. K r a u p e , L . Weiss u . J. W i t t m a n n , 1117 
Hunger, Glycolysekapazität , H . Schmid , A . M a l l , 
M . Scholz u . U . Schmid t , 819 
- Glutathion-Gehalt, G. Har i s ch u . M . F . M a h m o u d , 
1859 
Hybridoma-Zellinien, Verfahren zur Untersuchung der 
Ant ikörperproduk t ion , K. Scha l tmann u . O . Pongs, 
207 
Hydrogencarbonat, Glutamin-Stoffwechsel, D . H ä u s -
singer, T . P . M . A k e r b o o m u . H . Sies, 995 
Hydrolasen, immobilisierte Enzyme, J. M ü l l e r u . 
G . P f l e ide re r , 675 
- (saure), Glycoprotein-Abbau, F . M . Fouad u . D . 
W a l d r o n - E d w a r d , 703 
Hydrophüisierung, Bromcyan-Peptide, J. P f le t sch inger 
u . G . B r a u n i t z e r , 925 
Hydrophobe Bindungsstellen, Akt iv i tä tsmodula t ion von 
Akrosin, W. M ü l l e r - E s t e r l , B . Z i p p e l u . H . F r i t z , 
1381 
- Eber-Akrosin, W. M ü l l e r - E s t e r l u . H . F r i t z , 1673 
3- Hydroxyacyl-CoA-Dehydrogenase ( E C 1.1.1.35), i n -
traperoxysomale Lokalisation, M . H ü t t i n g e r , H . 
G o l d e n b e r g u . R. K r a m a r , 1125 
4- Hydroxyöstron-17-(Ö-carboxymethyl)oxim, Radioim-
muntest, D . B e r g u . E . Kuss, 1743 
21-Hydroxy-4-pregnen-3,20-dion, Kalbsthymus, 
J. Reisch u . A . S . E l - S h a r a k y , 791 
Hypoglycämische Effekte, co-Guanidino-Fet tsäuren, 
G. W e i t z e l , A . - M . F r e t z d o r f f u . W. S tock , 41 
Hypophyse, s. Neurohypophyse 
Immobilisierte Enzyme, scheinbare Inaktivierung durch 
Diffusionshemmung, J. M ü l l e r u . G . P f l e ide re r , 
675 
Immunelektrophorese, s. Zonen-Immunelektrophorese 
Immunfluoreszenz, Akrosin-Inhibitoren, L . Vese l sky 
u. D . C e c h o v ä , 715 
Immunglobulin A , (sekretorisches), Stokesscher Radius, 
K G . Chandy , R . A . S tock ley u. D . B u r n e t t , 1855 
Immunglobulin-L-Kette, (K-Typ), Aminosäuresequenz , 
H. K r a t z i n , C . - Y . Y a n g , J . U . Krusche u . 
N . H i l s c h m a n n , 1591 
Immunkompetition, Cytochrom-c-Oxidase, E. H u n d t 
u. B . Kadenbach , 1547 
Immunologische Untersuchungen, Human-Big-Gastrin, 
M . C h o u d l h u r y , G . W . K e n n e r , S. M o o r e , K . L . 
Ramachandran , W . D . T h o r p e , R. Ramage , G.J . 
D o c k r a y , R . A . G r e g o r y , L . H o o d u . M . H u n -
k a p i l l e r , 1719 
Immuntest, s.a. Enzym-Immuntest, Radioimmuntest 
— neue Proteinbestimmungsmethode, O. V e s t e r b e r g , 
61.7 
IMP-Dehydrogenase ( E C 1.2.1.14), Hepatomzellen, 
W . A . Ka ise r , B . H e r r m a n n u . D . O . R . Kepp le r , 
1503 
Inaktivierung, Ribonuclease, P. Fuhge u . K . O t t o , 
1781 
Induktor, Galactose-Gen, P .V. V e n k o v u . H . C h e l i -
b o n o v a - L o r e r , 17 
Inhibitoren, s.a. Competitive Inhibitoren, Hemmecha-
nismus, Proteaseinhibitoren 
- Ribonuclease-Inhibitor, P. Fuhge u . K . O t t o , 1781 ' 
Inositpentaphosphat, Modulator der Evolutionsge-
schwindigkeit, W. O b e r t h ü r , W . V o e l t e r u . 
G . B r a u n i t z e r , 969 
Insekten, s. Chironomus thummi, thummi, Bienengift 
Insulin, s.a. N * 2 9 , M 5 9 -Bis(methylsulfonylethoxycarbo-
nyl)proinsuIin, Präproinsul in , Proinsulin, [A19-Phe-
nyl- alaninJSchweine-Insulin 
- Insulin-ähnliche Aktivi tä t von Bradykinin, 
R. Sch i fman , M . W i c k l m a y r , I . Boe t tge r u . 
G . D i e t z e , 1193 
Insulin-abbauendes Enzym, menschliche Erythrozyten, 
H . J. K o l b u . E . S t and i , 1029 
Insulin-ähnliche Partialeffekte, Agmatin, G. W e i t z e l , 
B . Pfe i f fer u . W . S tock , 51 
Insulin-Analoga, Al-Glycin-Subst i tut ion, R. Geiger , 
K , Geisen , G . Reg i t z , H . - D . Summ u. D . Lang-
ner , 563 
- Akt iv i tä ts -St ruktur-Beziehung, W. D a n h o , A . Sa-
sak i , E . B ü l l e s b a c h , J. F ö h l e s u . H . - G . Ga t tne r , 
735 
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A . M a l l , M . Scholz u . U . S c h m i d t , 819 
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G . K e i l i c h , D . Z i e g l e r u . M . Supp ,697 
- Erythrozytenmembran, G . P fannschmid t u . 
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R . K . Z a h n u . K . Dose ,469 
Nucleotide, s.a. Pyridin-Nucleotide 
- Stoffwechsel, N . D a h l m a n n u . D . M ü l l e r , 1851 
Oberflächenproteine, radio-iodierte, W . J i l g , K . H a n -
n ig u . K . Z e i l l e r , 389 
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U . Wissemann u . C . B . Boschek ,457 
Phaseolus vulgaris, (Bohne), Genom, M . Seshadri u. 
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Phospho-2-oxo-3-desoxyheptonat-Aldolase 
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u . H . Tschesche, 1413 
pH-Wert, Glutamin-Stoffwechsel, D . H ä u s s i n g e r , 
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Polymorphismus, N-terminale Sequenz des Ss-Glyco-
proteins, W . D a h r , K . B e y r e u t h e r , H . S te inbach , 
W . G i e l e n u . J. K r ü g e r , 895 
Polypeptide, cytotoxische, J. K o n o p a , J . M . W o y -
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